Homeobox 1 in Malus×domestica (MdHB-1) is a transcription factor that belongs to Homeodomain-Leucine zipper I (HD-Zip I) protein subfamily. According to previous reports, MdHB-1 could regulate ethylene synthesis by binding with the MdACO1 promoter, but other functions of MdHB-1 are still unknown. To reveal more clues concerning the characters of the MdHB-1 gene promoter and the functions of MdHB-1, the promoter region of MdHB-1 was cloned from the Royal Gala apple genome and recombined with the β-glucuronidase (GUS) gene in this study. This research was conducted in Nicotiana tabacum and supported by Agrobacterium-mediated transient transformation and bioinformatics analysis. Deletion analysis of the MdHB-1 promoter showed that the GUS gene could be activated by serially deleted promoters, and the activity promoted by 680 nucleotides (nt) was the lowest. The region, which is 266 nt upstream of the initiation code (ATG), was effective for GUS expression. Meanwhile, the activity of the MdHB-1 promoter (-1 057 nt), which was stronger than MdHB-1 promoter (-1 057 to -266 nt) and lack the 5´-untranslated region (5´-UTR), showed that 5´-UTR may have a positive effect on gene transcription. After the sequence analysis, the cis-acting elements that respond to hormones and environmental stresses were identified in the promoter region. The MdHB-1 promoter (1057 nt) activity in Nicotiana. tabacum was positively induced by ethrel and darkness, and it was suppressed by gibberellic acid (GA), whereas abscisic acid (ABA), salicylic acid (SA), wounding, and Pseudomonas syringae pv. tomato (DC3000) treatments revealed a slight auxo-action. These results reveal that the MdHB-1 promoter receive internal or external signals, and MdHB-1 may refer to many biological activities in apple, such as its stress response, development, and ripening.
Introduction
The homeodomain-leucine zipper (HD-Zip) family protein is a transcription factor that is unique to plants (Ariel et al. 2007 ). This protein consists of 60 conserved amino acids and folds into three-screw structures (typically, the α-screw) to interact with the target DNA (Gehring et al. 1994) . The leucine zipper (Zip) is placed in the homeodomain's (HD's) C-terminus (Ruberti et al. 1991) .
According to previous reports, HD-Zip participates in regulating various vital plant activities, such as fruit and floral development (Lin et al. 2008; Depège-Fargeix et al. 2011; Wei et al. 2012) , phytohormone synthesis (Ohgishi et al. 2001; Morelli and Ruberti 2002; Re et al. 2011) , photomorphogenesis (Ciarbelli et al. 2008) , and stress response (Agalou et al. 2008; Dezar et al. 2011; Valdés et al. 2012 ). LeHB-1, which belongs to HD-Zip subfamily I of Lycopersicon esculentum, could regulate fruit ripening and floral development (Lin et al. 2008) . Besides, Wen et al. (2015a) found that the HD-Zip I family genes engage in fruit maturation and respond to hormone treatment. Homeobox 1 (MdHB-1) in Malus×do-mestica, a member of HD-Zip I protein subfamily, was first reported by Yu et al. (2012) . Until now, we have only seen a glimpse of the fact that MdHB-1 can integrate with the MdACO1 promoter (Li et al. 2014) . Silencing the MdHB-1 gene expression can down-regulate the MdACO1 expression, delaying the fruit-aging process (Wen et al. 2015b) . However, other explicit biological functions and regulatory mechanism of MdHB-1 are still unknown. This promoted us to investigate the functional characteristics of the MdHB-1 promoter.
As promoter is adjacent to a gene, its region has many important cis-acting elements that can respond to environmental factors and regulate gene expression. For instance, ABA-responsive element (ABRE) (Baker et al. 1994) and Anaerobic-responsive element (ARE) (Walker et al. 1987) were related to hormones regulation, Box I of chs-CMA2b (Arguello-Astorga et al. 1996) involved in the photoregulation, and Py-stretch in 5´-untranslated region (5´-UTR) (Daraselia et al. 1996) and MYB binding site (MBS) (Nash et al. 1990 ) involved in transcriptional regulation.Cis-elements (ABRE, MBS) in the promoter of MdSOT3 and MdSOT5 help to impart tolerance to drought in micropropagated apple plants (Li et al. 2012) . The HAHB-4 gene, which has the ABRE element in its promoter, could be induced by high salt concentrations, water stress, and ABA, respectively (Dezar et al. 2005) . GhHB2 gene promoter was active during the early seedling development period in transgenic Arabidopsis thaliana (Qin et al. 2010) . Moreover, the elements that repress or activate gene expression exist in promoter region and they could be explored by deletions of the promoter sequence (Liu et al. 2011) . Now, transient transformation of tobacco leaves was a convenient technology to evaluate the expression of a gene and only 2-4 d from transformation to expression (Sparkes et al. 2006) . Previous studies had demonstrated that the recombination of promoter :: β-glucuronidase (GUS) and Agrobacterium-mediated instantaneous conversion technology has become a powerful tool for analyzing promoter characteristics and gene functions (Yang et al. 2000; Manavella et al. 2008; Xu et al. 2010; Fu et al. 2014) .
In this study, we isolated and described the traits of the MdHB-1 promoter region with the Agrobacterium-mediated transiently transformed technology. In addition, the effects of abiotic and biotic stresses affecting the MdHB-1 promoter was investigated and the regulatory mechanism and biological function of MdHB-1 was also explored.
Materials and methods

Plant materials, bacterial strains and culture conditions
Royal Gala apple leaves were obtained from a farm at the Northwest A&F University in Yang ling, Shaanxi province, China. Ten-week-old tobacco plants (Nicotiana. tabacum cv Bai ri hong) were cultivated in the pot of a growth chambers. The plants were planted in nutrient soil and exposed to 16 h of light (12 000 lux, 25°C) and 8 h of dark (23°C) with a 75% relative humidity. All recombinant plasmid vectors were transformed into the Escherichia coli strain DH5α to propagate at 37°C in vibrant LB liquid medium that contained 50 mg L -1 Kanamycin. The A. tumefaciens strain, EHA105, was cultured in 20 mL of LB liquid medium that contained 50 mg L -1 Kanamycin and 25 mg L -1 Rifampin, and shaked at 28°C. Pseudomonas. syringae pv.tomato (DC3000) was grown for 12 h at 28°C with agitation in LB liquid medium that contained 50 mg L -1 Kanamycin and 25 mg L -1 Rifampin.
Nucleic acid extraction and cloning of the MdHB-1 promoter
The genomic DNA of the young apple leaves was extracted using the cetyl trimethyl ammonium Bromide (CTAB) method (Doyle 1987) . A pair of primers (Table 2) were used to clone the upstream regions of the MdHB-1 gene with PrimeSTAR Max Premix (TakaRa, Japan). Primary PCR amplification (the detection of recombinational vector and engineering bacteria) was performed using the Taq Master Mix (CWBIO, China) according to the instructions of Beijing Com Win Biotech Co., Ltd (China). The amplified fragments were purified from 1% agarose gels and were recombined into the pMD19-T linear vector (TakaRa, Japan). The positive clones were sequenced and blasted with electronic sequences obtained from the Genome Database for Rosaceae (https:// www.rosaceae.org/) to ensure accuracy.
Bioinformatics analysis
Through sequence alignment with genomic data from the Genome Database for Rosaceae (https://www.rosaceae. org/), the distribution of exons and introns was confirmed.
The functions and domain characters of MdHB-1 were calculated using InterPro Search (http:// www.ebi.ac.uk/Tools/ InterProScan/). The promoter sequence was analyzed with the PlantCARE (http://bioinformatics.psb.ugent.be/ webtools/plantcare/html/) (Lescot et al. 2002) and PLACE databases (https://sogo.dna.affrc.go.jp/cgi-bin/sogo. cgi?sid=&lang=en&pj=640&action=page& page=newplace) (Higo et al. 1998) to predict the cis-acting elements. The transcriptional start site (TSS) of the MdHB-1 promoter was ascertained in the PlantProm DataBase (http://www. softberry.com/) (Shahmuradov et al. 2003; Liu et al. 2011) .
Plasmid construction of the deletion promoter and transient expression assays
A series of deletion promoters were separated by Polymerase Chain Reaction (PCR)( Table 2 ) and the locations of primers avoid element areas. BamHI and EcoRI restriction enzyme sites were introduced into the forward and reverse primers, respectively. Six recombinant pMD-19T vectors, which were verified via DNA sequencing, were digested with BamHI and EcoRI to obtain the truncated promoter region. Then, the fragments were subcloned into the pCAMBIA0390::GUS that contained the same restriction enzyme sites. The six recombinant pCAMBIA0390::GUS vectors were expressed as MH10 (-1057 to +1), MH6 (-680 to +1), MH4 (-485 to +1), MH3 (-358 to +1), MH2 (-266 to +1) (Fig. 7) , and MH (-1057 to -266)( Fig. 5-B) . The Cauliflower Mosaic Virus 35S (CaMV35S)::GUS and promoter-less::GUS were constructed as the positive and negative controls, respectively. All of the recombinant plasmids were transformed into A. tumefaciens EHA105 using the freeze-thaw method (Wang et al. 2016) . After 12 h in the activating culture, bacteria collection was performed via centrifugation at 5 500 rpm for 7 min, and they were resuspended in a penetration buffer solution (27.8 mmol
Na 3 PO 4 ·12H 2 O) (Wang et al. 2016) . Then, the OD 600 of the bacterial liquid was diluted to 0.3-0.4 with the penetration buffer solution. The fully expanded leaf of the unbroken tobacco plant was used for the Agrobacterium-mediated transient transformation via the protocol of Sparkes et al. (2006) with slight modifications. The bacterial liquid soaked the entire leaf fully, and both the treatments and the controls consisted of the same type of injection sites, including quantity and extent. All tests were conducted at least four times independently.
Hormone, abiotic, and biotic treatments
To preliminarily explore the functions of some environmental factors on the MdHB-1 promoter, salicylic acid (SA), gibberellic acid (GA), abscisic acid (ABA) , wounding, darkness, and DC3000 treatments were performed on one part of veins of transgenic tobacco leaves that contained the promoter MH10::GUS, and the other part were used as the control. Because of the gas characteristics, ethylene treatments were performed on whole leaves, and untreated leaves in the same growth condition were used as the control. The treatments were conducted in a final concentration of 100 μmol L -1 of ABA (Sigma, USA), 1 mmol L -1 of SA (Xilong Chemical Co., Ltd., China) (Pastuglia et al. 1997) , 100 μmol L -1 of GA (Sigma, USA) (Qin et al. 2010) , and 3.46 mmol L -1 of ethrel (Shanghai yuanye Bio-Technology Co., Ltd., China) (Wang et al. 2016 ) and the controls were wiped with sterile double-distilled water. Tobacco leaves treated with ethrel were sealed with plastic wrap, and the control was treated using the same process (except for ethrel). DC3000 was suspended with 10 mmol L -1 MgCl 2 to an OD 600 of 0.5, and the control was covered with 10 mmol L -1 MgCl 2 . For the darkness and wounding treatments, the leaves were shaded with tin foil paper and sheared using a sterile scissor. When treated after 24 h, the treatment and control were immediately frozen in liquid nitrogen. All tests were conducted at least four times independently.
Histochemical staining of transgenic tobaccos leaves and GUS activity assay
The histochemical staining and GUS protein activity assay were performed (Jefferson et al. 1987; Xu et al. 2010) . The stained transgenic tobacco leaves were treated with 70 and 95% (v/v) ethanol to clear the chlorophyll. To measure the GUS activity, the processes were conducted using a M200 pro Multimode Reader (TECAN, Switzerland) at 365 or 455 nm wavelength, depending on the principle of fluorescence of 4-Methylumbelliferone (4-MU), which is the product of GUS protein enzymolysis of 4-methyl umbelliferyl glucuronide (4-MUG). The results were in pmol 4-MU min -1 mg -1 protein of soluble proteins. The total protein content and the standard curve was performed using the Bra-ford Protein Assay Kit (TIANGEN, China). The fluorescent values of different
, 100 μmol L -1 ) of 4-MU were detected to create the standard curve. All tests were conducted at least four times.
We performed one-way ANOVA analysis and one-sided paired t-test (P<0.01 ( ** or lowercase) or P<0.05 ( * or lowercase)) in SPSS 18.0 to determine the significance between the control and treatments, which were plotted using Systat SigmaPlot (Sigmaplot 12.5).
Results
Analysis of the MdHB-1 gene sequence
The complementary DNA (cDNA) sequence of the MdHB-1 gene (JQ678788) was compared with the genomic se-quence in the Genome Database for Rosaceae (https:// www.rosaceae.org/). The results showed that the genomic form of MdHB-1 consists of four exons and three introns ( Fig. 1-A) . The exons are 125, 148, 239, and 502 bp long and are separated by three introns which were 100, 1 042, and 1 003 bp, respectively. Using InterPro Search (http:// www.ebi.ac.uk/Tools/InterProScan/), HD and Zip were located in the region of 74-145 and 134-175 ( Fig. 1-B) , respectively. Meanwhile, the results also showed that this protein could bind DNA and had transcription factor activity, which was agreement with the results of Li (2014) . Nevertheless, its other biological function was not predicted. To investigate the evolutionary relationship of MdHB-1 with other HD-Zip proteins, a cladogram was conducted using DNAMAN 6.0.40 (USA), depending on the amino acid sequence of eight proteins that belong to four species (Solanum lycopersicum, A.thaliana, Helianthus annus, and Malus×domestica). These proteins were splited into two groups, MdHB-1, LeHB-1, and ATHB-1 in one group, the other proteins in another one. Among these sequences, MdHB-1 and LeHB-1 had the most similarity, and ATHB-1 was more similar to MdHB-1 (Fig. 2) .
Analysis of the MdHB-1 gene promoter
According to the prediction of the in silico analysis, there were eight TATA-box and nine CAAT-box sequences in the MdHB-1 promoter region. The most likely locations of the TATA-box, CAAT-box, and the transcription start site (TSS) were selected based on the bioinformatic analysis and common regular patterns. The Softberry database revealed that the TSS, CAAT-box, and TATA-box are located in -266, -307, and -299 nt upstream of the initiation code (ATG), respectively (Fig. 3) . Using the PlantCARE and PLACE database analyses, several potential fragments that are homologous to the cis-acting elements in other plants were found in the promoter sequence. In addition, some unclear elements in the promoter region need to be further researched (Table 1) . ABRE, BOX III, the TC-rich repeats, the GATA-motif, MBS, and SP1 were placed in the location of the anti-sense strand. Many elements predicted in the promoter region are related to environmental stresses and light, such as ARE, HSE, BOX4, BOX I, and G-Box, implying that the MdHB-1 promoter may play significant roles in regulating the processes of light and stress responses.
Deletion analysis of the promoter
The transgenic tobacco leaves were obtained via Agrobacterium-mediated transient transformation. The histochemistry staining results showed that the GUS reporter gene was strongly promoted by CaMV35S. MH2, MH3, MH4, MH6, and MH10 could also promote the expression of GUS to some extent, and MH6 induced the weakest GUS activation. Transgenic tobacco leaves containing promoter-less::GUS exhibited less GUS activity, and wild-type tobacco leaves had no GUS expression (Fig. 4) . With the promoter length shortening, the staining degree first decreased and subsequently increased, which was consistent with the quantitative fluorescence data (Fig. 5-A) . To investigate the functional characterization of 5´-UTR in the MdHB-1 gene promoter, a recombinant vector (MH (-1057 to -266)) that lacks of 5´-UTR was constructed in the test. Compared with MH10, MH (-1057 to -266) had lower GUS activity (Fig. 5-B) . For more accurate measurements of the GUS protein activity, quantitative analysis of the GUS protein was performed (Fig. 5-A and B) .
Response analysis of the MdHB-1 promoter to environmental stresses and phytohormone treatments
After the transgenic tobacco leaves was treated with DC3000, dark and wounding, the GUS activities were 1.36-, 1.30-and 2.29-fold higher than that in the control, respectively. The results of the GUS fluorimetric assay are shown in Fig. 5 . To explore the effect of phytohormones on the promoter, one part of the transgenic tobacco leaves was treated with GA, ABA, and SA, while the other part was treated with water (control). The GUS activities were also induced by ethrel, ABA, and SA, and increased by 1.56-, 1.38-, and 1.24-fold over the control, respectively. But the GUS activities were suppressed by GA, with a 0.74-fold lower than that in control (Fig. 6 ). This information indicates that the MdHB-1 gene promoter can respond to biotic and abiotic stresses to regulate the MdHB-1 protein expression.
Discussion
MdHB-1 belongs to the HD-Zip I subfamily. As transcription factors, HD-Zip family proteins play significant roles in the life of plants (Ariel et al. 2007 ). However, the particular functions of MdHB-1 are still unknown. So the traits of MdHB-1 gene and its promoter were analysed to explore its biological functions. Yu et al. (2012) indicated that the nucleotide sequence of MdHB-1 in apple was 60 and 56% homology with that of LeHB-1 in tomato and that of ATHB-1 in A.thaliana, respectively. The data presented in the phylogenetic tree (Fig. 2) suggest that MdHB-1 has the closest evolutionary relationship with LeHB-1 and ATHB-1 compared with other HD-Zip proteins, which implies they may have similar biological functions. In this study, our InterPro Search suggested that HD and LZ are located in the region of 74-145 and 134-175 ( Fig. 1-B) , respectively, which is slightly different from the results in Yu et al. (2012) (77-135 and 136-178) . This difference was likely caused by the different algorithms of the bioinformatics software, Respone to ABA signal (Baker et al. 1994) Respone to anaerobic inductions (Walker et al. 1987 ) Involved in light responsiveness (Rodrigo et al. 1989 ) Light responsive element (Paul et al. 1989 ) Protein binding site (Green et al. 1988) Ethylene-responsive element (Maxson and Woodson 1996) MYBHv1 binding site (Rohde et al. 1991) Gibberellin-responsive element (Shan et al. 2007 ) Cis-element involved in defense and stress responsiveness (Diaz-De-Leon et al. 1993) Cis-element involved in light responsiveness (Donald et al. 1990 ) Part of a light responsive element (Donald et al. 1990 ) Cis-element involved in heat stress responsiveness (Pastuglia et al. 1997 ) MYB binding site involved in droght-inducibility (Urao et al. 1993 ) Light responsive element (Arguello-Astorga et al. 1996) Unknown Unknown Unknown Unknown Unknown Unknown Unknown + and -, means the sense strand or the anti-sense strand.
Fig. 4
Histochemical staining assay for the transgenic tobacco leaves (Nicotiana tabacum, Bai ri hong) that contained the deletion promoters. The ten-week-old tobacco leaves were transformed via Agrobacterium-mediated instantaneous conversion technology, and the concentration of OD 600 was 0.3-0.4. The GUS staining was conducted after treatment for 48 h of the transformative experiment. A, CaMV35S; B, MH10 (-1057 to +1); C, MH6 (-680 to +1); D, MH4 (-485 to +1); E, MH3 (-358 to +1); F, MH2 (-266 to +1); G, wild type; H, promoter-less. CaMV35S was positive control; wild type and promoter-less were the negative control.
and the exact position of the structural domain needs to be verified by additional experiments. Previous studies reported that 5´-UTR could act as an enhancer in the gene expression process (Viana et al. 2011; Kamo et al. 2012; Kanoria and Burma 2012; Agarwal et al. 2014) . In absence of 5´-UTR region, MH (-1057 to -266) had a weaker GUS activity than MH10, which implies that 5´-UTR may regulate the MdHB-1 gene expression. Le et al. (2003) pointed out that one way of introns affecting the gene transcription is by acting as a storage room for regulatory elements, such as enhancers or silencers. Indeed, the analysis results from the PlantCARE database showed that the 5´-UTR region (-266 to +1) had abundant CAAT-box, TATA-box, and BOX4, MBS, CCAATBOX, and some elements with unknown functions. Fu et al. (2014) indicated that the promoter activity may be related to the number of TATA-box and CAAT-box, and CAAT-box can enhance the transcriptional level (Fu et al. 2014) . Thus, we assume that elements, especially TATA-box and CAAT-box, may be the factors for GUS expression enhancement of the MH2 region. Meanwhile, the deletion analysis suggests that both potential active areas and inhibiting regions exist in the promoter sequence. For example, the existence of multiple regulatory elements in the region of -1057 to -680 bp can enhance the GUS gene transcriptional level, but -680 to -266 bp region inhibits the GUS gene activity.
TC-rich repeats and the ABRE, MBS, HSE, and ARE motifs were found in the promoter sequence region, which all relate to defense or environmental stresses (Walker et al. 1987; Diaz-De-Leon et al. 1993; Urao T et al. 1993; Baker et al. 1994; Pastuglia et al. 1997) . Here, with the treatment of ABA, wounding, DC3000, and SA, the transcriptional Manavella et al. (2008) indicated that larval feeding and wounding could induce GUS expression directly by the HAHB-4 gene promoter and the elements in the promoter region (Manavella et al. 2008) . However, the predicted results showed that TC-rich repeats, ABRE, and MBS were placed in the antisense strand, no elements that are directly involved in responding to defense and injuries was discovered in the sense strand. In addition, the SA-JA-ET signal system involved in plant immunity and the pathogen's signature was shown to induce the accumulation of SA and activate ethylene biosynthesis (Vidhyasekaran 2015) . The wounded leaf could produce ethylene, Methyl Jasmonate (MeJA), and ABA to participate in the defense mechanism (Harrison 2012) . Additionally, ABA is more directly involved in the defense system than expected (Mayek-PÉrez et al. 2002; Mauch-Mani and Mauch 2005; Hirayama and Shinozaki 2010) . Thus, there is a possibility that the high GUS protein activity induced by wounding, DC3000, and SA is indirectly caused by hormones, such as ethylene. Therefore, we assume that these elements and the MdHB-1 protein may just play secondary roles in stress and defense reactions.
Many responsive elements (BOX4, BOXI, G-box) that are related to light exist in the MdHB-1 promoter sequence, resulting in the up-regulated expression of the GUS gene in a dark environment. This demonstrates that MdHB-1 probably involves in photosynthesis, which agrees with the results of Liu et al. (2015) . Likewise, when treated with darkness, the HAHB4 promoter can rapidly induce the GUS transcription within 30 min and can remain for 2 h, and the content of chlorophyll a/b-binding proteins is diminished in HAHB4-expressing transgenic A. thaliana (Manavella et al. Fig. 6 The GUS protein activity in transgenic tobacco leaves containing the MH10 promoter after treated with abscisic acid (ABA)(100 μmol L -1 ), wounding, gibberellic acid (GA)(100 μmol L -1 ), dark, salicylic acid (SA)(1 mmol L -1 ), Pseudomonas syringae pv.tomato (DC3000)(OD 600 : 0.5), and ethrel (3.46 mmol L -1 ), respectively. The infiltrated leaves with the MH10 promoter were cultured under normal conditions for 24 h and then treated for 24 h. Numbers above the error bars denote the fold induction of the GUS expression over the control. Data±standard deviation (SD) are generated using four independent assays. Their significant differences were analyzed using one-sided paired t-test (P<0.01 ( ** ) or P<0.05 ( * )). (Aoyama et al. 1995) . Over-expressing of the LeHB-1 gene can alter the morphology of the floral organ in the tomato (Lin et al. 2008) . Moreover, exogenous GA was found to effectively restrain the GUS gene expression in this study, which means that MdHB-1 promoter became GA-restrainable. Also, GA plays a crucial function in cell proliferation, and fruit and floral development (Hooley 1994) . Overall, considering that MdHB-1 has more than an 85% homology with the conserved sequences of LeHB-1 and ATHB-1 (Yu et al. 2012) , we speculate that the MdHB-1 gene may have similar functions as LeHB-1 and ATHB-1 in organ development. ATTTCAAA, which is the ethylene-responsive enhancer (ERE) element, emerged in the MdHB-1 promoter. The data showed that the GUS activity was improved by 1.56-fold, which means that the MdHB-1 promoter was ethylene-inducible. Indeed, ethylene plays a certain function in the HD-Zip protein regulation. For instance, exogenous ethylene regulates the expression level of HAHB-4, MdHB-1 (Manavella et al. 2006; Zhu et al. 2014) . Thus, we speculate that the MdHB-1 not only regulate the ethylene synthesis but also be regulated by ethylene in return.
Of note, GUS activity also appeared in the negative control (promoter-less) of transgenic tobacco leaves. Previous studies also reported that transgenic tobacco and tomato that harbor the promoter-less::GUS have GUS activity (Yoshida et al. 2002; Roy et al. 2006; Xu et al. 2010) . In most higher plants, there may be some inexplicable regions that are capable of activating the gene expression, and these elements are fortunately preferential sequences for recombination (Foster et al. 1999) . In addition, once the promoter-less::GUS is integrated into an exon and forms a fusion protein in the organization, the abnormal expression of the GUS gene will occur in the control (Springer 2000) . Nevertheless, the mechanism is still unclear.
Conclusion
In this study, some properties of the MdHB-1 promoter region have been explored, such as the position of TSS and the cis-elements. Additionally, 5´-UTR of the MdHB-1 may play a role in the gene expression, and mysterious areas that negatively regulate the promoter activity may exist in the promoter area. The response to external environmental stimuli (darkness, wounding, pathogens, hormones) reveals that the MdHB-1 gene may participate in vital processes concerning stress response, disease resistance, and fruit ripening. Essentially, this research describes some of the basic characteristic of the MdHB-1 promoter, and the nucleotide variance in the promoter region and stable transgenic plants will become the focus of future work. All of these would help understand the regulatory mechanism of MdHB-1 promoter.
